In wheat (Triticum aestivum L.), the crossover (CO) frequency increases gradually from the centromeres to the telomeres. However, little is known about the factors affecting both the distribution and the intensity of recombination along this gradient. To investigate this, we studied in detail the pattern of CO along chromosome 3B of bread wheat. A dense reference genetic map comprising 102 markers homogeneously distributed along the chromosome was compared to a physical deletion map. Most of the COs (90%) occurred in the distal subtelomeric regions that represent 40% of the chromosome. About 27% of the proximal regions surrounding the centromere showed a very weak CO frequency with only three COs found in the 752 gametes studied. Moreover, we observed a clear decrease of CO frequency on the distal region of the short arm. Finally, the intensity of interference was assessed for the first time in wheat using a Gamma model. The results showed m values of 1.2 for male recombination and 3.5 for female recombination suggesting positive interference along wheat chromosome 3B.
In most eukaryotes, meiotic recombination plays a key role in ensuring correct segregation of the chromosomes during gamete formation and for generating diversity in the progeny. Comparative analyses between a wide range of species including human, mouse, yeast, and Arabidopsis suggested a conserved process for recombination starting with the formation of a double strand break (DSB) and proceeding through either crossover (CO) or non-CO pathways (for review see ANDERSON and STACK 2002; HAMANT et al. 2006; BAUDAT and DE MASSY 2007; CROMIE and SMITH 2007) . At least one CO per bivalent is required because the obligate chiasma constraint ensures a good segregation of chromosomes at meiosis. Additional COs are subjected to interference that inhibit the formation of a CO in the vicinity of another one (JONES and FRANKLIN 2006) . The number of COs on a chromosome is thus highly controlled, presumably because of the deleterious effect of having too many or too few COs (JONES and FRANKLIN 2006) . Their distribution can be analyzed by comparing physical and genetic maps or by studying linkage disequilibrium patterns. Studies performed in human, mouse, Arabidopsis, and rice (ARNHEIM et al. 2007; DROUAUD et al. 2006; WU et al. 2003) provided insight into some of the major features of recombination distribution with the identification of hot and cold regions of recombination along the chromosomes as well as a general suppression of CO in centromeric and pericentromeric regions (for a review see JONES 1987) . In some plants with large genomes such as maize (2.5 Gb), barley (5 Gb) and wheat (17 Gb), recombination was shown to follow particular patterns with a gradual increase from the centromeres to the telomeres (ANDERSON et al. 2003; KUNZEL et al. 2000; LUKASZEWSKI and CURTIS 1993; TENAILLON et al. 2001) .
To date, no consistent relationship has been established between recombination rate and sequence composition, i.e. gene or repetitive DNA content. This question was addressed in humans (KONG et al. 2002) where recombination rates were found to be significantly correlated with both cytogenetic structures (staining intensity of G bands) and sequence composition (GC content, CpG motifs and poly(A)/poly(T) stretches). In rice, hotspots are generally associated with high gene density (WU et al. 2003) while in maize, ANDERSON et al. (2006) have shown that recombination is localized to the distal part of the chromosomes and is correlated strongly with the distribution of Expressed Sequenced Tags (ESTs). Further, a recombination hotspot has been identified in a highly gene-rich region at the maize bz locus and characterized at a fine scale (FU et al. 2001) . In contrast, in Arabidopsis (DROUAUD et al. 2006 ) fine scale analysis failed to establish a correlation between recombination and gene density.
Previous studies in wheat indicated that recombination occurs mainly in the telomeric regions of the chromosomes with a gradient from the centromeres to the telomeres (ERAYMAN et al. 2004; LUKASZEWSKI and CURTIS 1993; SEE et al. 2006; SIDHU and GILL 2004) . The recombination gradient was proposed to be correlated with gene content. For example, ERAYMAN et al. (2004) suggested that 95% of the recombination occurs in 48 gene-rich regions covering 29% of the physical size of the wheat genome. A striking example was observed for a gene-rich region encompassing only 4% of the long arm of chromosome 5B yet explaining at least 30% of the recombination of the entire chromosome (FARIS et al. 2000) . In addition, high recombination rates were found to be related to the decrease of synteny either between homoeologous chromosomes (AKHUNOV et al. 2003a) or between wheat and rice orthologous chromosomes (AKHUNOV et al. 2003b) . Chromosomal rearrangements such as deletions and duplications were also found more frequently located in highly recombinant regions (DVORAK and AKHUNOV 2005; DVORAK et al. 2004) . To date, very little is known about the factors underlying the gradient of recombination along the wheat chromosomes as most of the studies were performed at low resolution with a limited number of markers and in the absence of physical maps (fingerprinted BAC libraries organised into genetically anchored contigs) and of a genome sequence for wheat.
In this work, we have used the largest hexaploid wheat chromosome (3B; 995 Mb) as a model to perform detailed recombination studies and identify factors that govern recombination in wheat. By comparing genetic and physical deletion maps, we established a fine scale profile of COs distribution along the chromosome and confirmed that recombination is restricted mainly to distal regions with a decrease in the very telomeric regions. Comparison of male and female CO rates indicated an effect of both male and female meiosis on local CO variations. Finally, using the Gamma model, we provide the first evidence and characterization of positive interference on a wheat chromosome and discuss the implications of these finding for genetic mapping in wheat.
MATERIALS AND METHODS

Plant material and molecular analyses
Genetic mapping populations: The wheat cultivars Chinese Spring and Renan were crossed and grains of the F1 individuals were dissected 20 days after pollination. Each embryo was cultivated on a rich medium (Muller) and grown in a growth chamber until the first two leaves emerged. Plants were then potted and grown for two weeks in cool conditions (17°C day and 12°C night, 12 hours of day) and then for two months at 24°C day and 18°C night with 16 hours of day. F1 plants were subsequently selfed and 376 seeds were sown to obtain the CsRe F2 population. This population was then used to study CO distribution along chromosome 3B.
Interference and sex-specific recombination were studied using two different doubled haploid (DH) populations originating from the cross between Chinese Spring (Cs) and Courtot (Ct). The androgenetic (CsCt-A) population is described in FELIX et al. (1996) and a subset of 182 lines was used in the present study. For the gynogenetic population (CsCt-G), Chinese Spring and Courtot were crossed and F1 individuals were grown in a greenhouse.
The spikes were emasculated and pollinated 1-3 days after with maize pollen (LAURIE and BENNETT 1988) . Haploid seeds were then dissected and embryos were rescued and grown on rich medium until doubling with colchicine treatment. A set of 185 DH lines was used for the study.
Aneuploïd lines:
To assign markers to chromosome 3B, we used the nullisomic-tetrasomic line N3BT3A, two ditelocentric lines (Dt3BL and Dt3BS) and 14 chromosome 3B deletion lines described earlier (ENDO and GILL 1996; SEARS 1954; SEARS 1966; SEARS and SEARS 1978) . Each deletion line is defined by the fraction length of the arm that remains present on the deleted chromosome (for example line 3BS4-0.55 conserves proximal 55% and lacks the distal 45% of the short arm of chromosome 3B). These deletion lines define 16 deletion bins: DNA extraction: DNA was extracted using a sodium metabisulfite protocol. Briefly, 100 mg of fresh tissue were ground in fine powder in liquid nitrogen. Then 600 µL of extraction buffer (0.1 M Tris, 0.05 M EDTA, 0.5 M NaCl, 0.02 M sodium metabisulfite, 0.2 M RNAse) were added, mixed and incubated for 45 min at 95°C. After centrifugation, 430 µL of the supernatant was collected and added to 425 µL of isopropanol/ammonium acetate 7.5 M (16/1). After centrifugation DNA pellets were washed in 70% ethanol and resuspended in 100 µL Tris-EDTA 0.1 M buffer.
Markers and PCR conditions:
A total of 102 molecular markers (76 SSRs and 26 ISBPs) for the CsRe population and 32 SSR markers for the two CsCt populations were selected for linkage analysis based on their distribution in the different deletion bins (Table 1 ).
Ninety SSRs originating from different sources were amplified using either the M13 protocol (NICOT et al. 2004) or the cresol red protocol (HODGES et al. 1997) . The 26 ISBP (Insertion Site-Based Polymorphisms; PAUX et al. 2006 ) markers were amplified using either the SYBR GREEN protocol or the cresol red protocol (Table S1 ).
For the M13 protocol, PCR reactions were carried out in 6.5 µL (0.2 U Taq, 50 nM forward-M13-tailed primer, 500 nM reverse primer, 3.4 pmoles labelled M13-primer, 5.4 nmoles dNTP). Amplification was done following a touch down procedure (PAUX et al. 2006) . Amplification products were visualized using an ABI PRISM®3100 Genetic Analyzer Linkage analysis: Genetic maps were constructed with the Mapmaker software (LANDER et al. 1987) . Linkage groups were obtained using default parameters. The "order" command was used to order the loci and the "map" function was further used to generate the genetic map using the KOSAMBI mapping function (1944) . When markers were not placed on the map at LOD < 2, the function "compare" was used and the best order was retained. The "error detection" and "genotypes" commands permitted us to identify potential genotyping errors.
The individuals concerned were scored again to check and eliminate these potential genotyping errors.
Comparison of CO frequency:
The significance of the differences interval-by-interval between male and female genetic maps was tested using a p-value approach. We determined the probability of having recombination rate differences at least as large as the values we found in our data sets under the hypothesis H 0 that the recombination rate is sex independent (SM1). For multiple testing, we used Bonferroni correction (HOCHBERG 1988) .
Test of the no-interference hypothesis:
The no-interference hypothesis 0 H was tested via the statistics of distances between recombination events. In this procedure, the (theoretically derived) histogram of these distances was established and tested to determine whether it is compatible with the experimental histogram, from which it is possible to derive a p-value (SM1).
Coefficient of coincidence:
Interference strength was estimated using the coefficient of such that the probability of finding m e <m -or m e >m + is 0.025. Significance of male-female differences in interference strength was tested through the H 0 hypothesis (the same interference parameter describes the male and female data sets) by the bootstrap method based on data reshuffling (SM1).
RESULTS
CO distribution along chromosome 3B:
To study the distribution of crossovers (COs) in wheat, comparisons were made between genetic and physical maps of the largest (995 Mb) hexaploid wheat chromosome (3B). Since no particular CO distribution has been observed previously for chromosome 3B compared to other wheat chromosomes (LUKASZEWSKI and CURTIS 1993; AKHUNOV et al. 2003b) , this chromosome provides a good model to study CO distribution in wheat.
Linkage analysis using a F2 Chinese Spring x Renan population with 102 selected markers resulted in a genetic map of 179.1 cM in length ( Figure 1 ) which is in the range of the genetic map length reported for chromosome 3B in the literature (AKBARI et al. 2006; QUARRIE et al. 2005; SUENAGA et al. 2005) . This represented an average of one marker for every 1.75 cM.
On this genetic map, a strong concentration of markers was found in the proximal part of the chromosome and a few gaps remained at the distal end of the long arm, in particular, between loci Xgpw3233 and Xgwm247 where a gap of 30 cM was observed ( Figure 1 ). No segregation distortion was observed among the 102 loci.
Physical mapping was performed using aneuploïd stocks of chromosome 3B developed from cv. Chinese Spring by SEARS (SEARS 1954; SEARS 1966; SEARS and SEARS 1978) and ENDO and GILL (1996) . Figure 1 ). Interestingly, slight differences were found between the two arms both in terms of average CO frequency and CO distribution. The short arm displayed an average CO frequency of 0.14 cM/Mb and a clear gradient of CO from the centromere to the telomere with a peak (0.85 cM/Mb) in bin 3BS8-0.78-0.87 (Figure 1 ). In addition, CO frequency decreased dramatically in the most telomeric bin 3BS3-0.87-1.00 with a value of 0.1 cM/Mb only. In the long arm, the average CO frequency was higher (0.21 cM/Mb) with 87% of the crossovers occurring in bin 3BL7-0.63-1.00 (58% of the whole chromosome CO). In contrast to the short arm, no decrease in the CO frequency was observed in the telomeric part of the long arm. However, the large size of the terminal deletion bin (208 Mb) precluded the fine scale study of the CO gradient in the telomeric region and possibly prevented the identification of such a decrease. Finally, bin 3BL1-0.31-0.38 showed a higher CO rate than bins 3BL9-0.38-0.50 and 3BL10-0.50-0.63 (Figure 1) , though it was difficult to draw any conclusion due to the paucity of markers in these regions.
Similar results were observed using androgenetic and gynogenetic Chinese Spring x Courtot (CsCt) DH populations with a distribution of COs in bins 3BS8-0.78-0.87 and 3BL7-0.63-1.00 explaining 74% of the COs in the male and 81% in the female maps (Figure 1 in SM2) .
Interestingly, the same decrease in CO number was observed in both maps at the end of the short arm of chromosome 3B.
These results clearly demonstrate that COs on chromosome 3B are localized mainly in two distal regions (bins 3BS8-0.78-0.87 and 3BL7-0.63-1.00) that represent 247 Mb and 25% of the chromosome and that 27% of the chromosome in the centromeric region is devoid of crossovers. In addition, the decrease of CO frequency observed in bin 3BS3-0.87-1.00 and the average rate observed in bin 3BL1-0.31-0.38 strongly suggest that the density of COs is not increasing uniformly from the centromere to the telomere.
Positive Interference along chromosome 3B: To study the interference between COs and potential differences between male and female meiosis, we used two mapping populations produced by andro-or gynogenesis from the cultivars Chinese Spring and Courtot.
No significant difference between the two populations was noticed in terms of map size These 31 intervals (mean size 6.2 cM; range 0.5-27.2 cM) were then used for interference analysis. In the absence of interference, COs produced during meiosis are independent. The non-interference hypothesis H 0 (expected CO distribution without interference = observed CO distribution) was tested using the frequency of the distance between two crossovers referred as intercrossover distances on the CtCs andro-and gynogenetic maps (Figure 2 ). H 0 P-values of 0.084 for male and 3.6x10 -4 for female recombination suggested interference in both male and female meioses with a larger effect in female than in male meiosis.
The intensity of interference was computed using the Gamma model in which the parameter m provides a measure of the degree of interference on the basis of the genetic distances between successive COs. Positive interference, i.e. the inhibition of crossovers by nearby crossovers, is indicated by m values >0. We used the frequency of the genetic distance between two crossovers for male and female meiosis ( Figure 2 ) and compared it with the theoretical distribution obtained with the Gamma model. For male meiosis, the fitted value for m was 1.2 ranging from 0 to 6.1 with a 95% confidence interval. For female meiosis, m varied from 0.95 to 12.75 with a fitted value of 3.5. While these results confirmed the previously suggested greater interference in female meiosis than in male meiosis, the difference was too weak to be statistically significant when tested by bootstrap analysis (p-value= 0.25).
Interference was further investigated using the coefficient of coincidence (C) which corresponds to the ratio between the frequency of observed double recombinants and the expected frequency in the absence of interference. Here, we used the C 4 parameter (see consisting of about 90% of repeated sequence (FLAVELL and SMITH 1977; LI et al. 2004; PAUX et al. 2006) , for which no genome sequence is available and showing a low level of polymorphism (CADALEN et al. 1997; CHAO et al. 1989; KAM-MORGAN et al. 1989) Comparison of the CsRe genetic map with the physical deletion map showed that the order of the loci is highly conserved between the two maps. This is probably due to the fact that Chinese Spring was used as one of the parents in our mapping population and for the construction of the physical map. Thus, the CsRe mapping population seems very well adapted for ordering contigs of the physical maps from the other chromosomes of cv. Chinese
Spring that are currently under construction in the framework of the International Wheat Genome Sequencing Initiative (see www.wheatgenome.org for further information).
Analysis of the CO distribution along chromosome 3B showed a recombination gradient from the centromere to the telomeres on both arms and a suppression of COs in 27% of the chromosome in the proximal regions. This latter phenomenon was observed in the first generation deletion bin maps of group-7 chromosomes (WERNER et al. 1992) , and the other could be the lack of markers close to the telomere that would lead to an underestimation of the total CO number and of the CO frequency for the terminal bin. However, synteny with rice suggests that the most distal marker (Xgwm389) is very close to the telomere. Indeed, although the synteny with Xgwm389 could not be determined because it is a microsatellite, two BAC contigs located proximal to Xgwm389 and carrying the SSR markers Xgwm1034 and cfb6012 and also ESTs BE404656 and BJ302829 correspond to sequences containing the orthologous genes OS01G01960 and OS01G03100 located on positions 500 kb to 1 Mb respectively on rice chromosome 1 (data not shown). Thus, these results suggest that the whole deletion bin is covered and that most of the COs occurring in the telomeric bin are included in our genetic map. Another possibility to explain the reduced or suppressed recombination in the terminal region is the high heterochromatin content of the telomeric end In contrast, no decrease in CO number was observed at the telomere of the long arm of chromosome 3B. LUKASZEWSKI and CURTIS (1993) showed that the CO frequency was higher in the sub-telomeric region of the long arm of chromosome 3B suggesting a pattern similar to the one we observed on the short arm. Probably, the size of terminal deletion bin 3BL7-0.63-1.00 (208 Mb) precluded the detection of such a decrease in our study. Decreasing CO number at the end of chromosomes was also reported in a cross between rye and wheat (LUKASZEWSKI et al. 2004) and in the telomeric parts of chromosome 3, the orthologous chromosome of wheat chromosome 3B, in a cross between Lolium and Festuca (KING et al. 2002; . Additional mapping data on chromosome 3B and other wheat chromosomes for which high resolution genetic and physical map are underway at the international level (www.wheatgenome.org) will help to confirm the CO pattern in the telomeric ends of the chromosomes. The fact that 70% of the recombination occur in the most distal part (23 Mb) of the long arm of chromosome 4B (SEE et al. 2006 ) may indicate that each chromosome has a specific pattern of recombination distribution in the telomeric regions.
In addition to the decrease of CO frequency in the distal part of the short arm, we observed an increase of CO frequency in the middle part of the long arm (bin 3BL1-0.31-0.38). Thus, it appears that at least along chromosome 3B, CO frequency does not follow a simple gradient from the centromeres to the telomeres. This implies that cloning a gene in a distal position on a wheat chromosome may sometimes be more difficult than expected while cloning a gene in the middle part would be possible without developing very large segregating populations.
CO distribution was shown to be correlated with genes in human (KONG et al. 2002) , mouse (PAIGEN et al. 2008) , rice (WU et al. 2003) and in maize (ANDERSON et al. 2006) . In wheat, ERAYMAN et al. (2004) showed that seven gene-rich regions (GRRs) are present on a consensus chromosome 3 map (three on the short arm and four on the long arm) and that most of the recombination occurs within the GRRs. In our study, we also observed a correlation between the CO frequency and the presence of the GRRs on the long arm. Especially, the increase of CO frequency that was found in bin 3BL1-0.31-0.38 corresponded exactly to the major GRR (3L0.3) mentioned by ERAYMAN et al. (2004) in the middle of this arm. In contrast, we did not find the same correlation on the short arm. Maximal recombination was observed in bin 3BS8-0.78-0.87 which does not correspond to one of the GRR regions that was defined on the short arm of chromosome 3B. As discussed previously, this is likely due to the non systematic assignment by ERAYMAN et al. (2004) of markers in deletion bins and the identification of the GRR on the short arm might need to be re-assessed with more markers and on individual chromosomes.
If a large recombination gradient can be observed in large genome species such as wheat, barley (KUNZEL et al. 2000) and maize (ANDERSON et al. 2003) , recombination is more evenly distributed in species with smaller genomes such as rice (WU et al. 2003) . In the small genome specie A. thaliana, no gradient has been observed (DROUAUD et al. 2006) suggesting that the pattern of CO distribution is correlated with genome size. In species displaying a CO gradient, the high CO rates observed in subtelomeric regions are explained generally by the distal position of these regions. This hypothesis is supported by the fact that chromosomes with terminal deletions show increased CO number in regions that were formerly proximal QI et al. 2002) . Higher CO rates in distal subtelomeric regions of chromosomes have been related to the onset of meiosis with the bouquet formation occurring in the vicinity of these regions thereby favouring CO formation (CORREDOR et al. 2007 ). This feature, however, is a common feature of meiosis and thus also appears in species with small genomes that do not show such contrast in CO rate between distal and proximal regions. Moreover, very recently, LUKASZEWSKI (2008) showed that a rye chromosome with an inverted long arm where the telomeric regions are located at the centromere exhibited simultaneously an inverted pattern of chiasma distribution i.e. recombination was higher close to the neo-centromeric regions. He concluded that CO frequency along a chromosome is not position-dependent but sequence-dependent. In contrast to species with small genomes, those with large genomes show extensive chromosome remodelling in their subterminal chromosomal regions (DAWE et al. 1994; PRIETO et al. 2004 ) thereby suggesting that high CO rates are due to remodelling in these regions. A recent study (COLAS et al. 2008 ) of the meiotic behaviour of translocated rye chromosomes showed that when chromosome remodelling is inhibited in the heterozygous subterminal regions of rye chromosome 1R in a 1BL.1RS wheat rye translocation line, COs are also inhibited. To confirm this hypothesis, it would be interesting to study whether remodelling is observed in new distal regions of deleted chromosomes or chromosomes with inverted arms.
Positive Interference along chromosome 3B: In addition to the frequency of individual CO formation, recombination is influenced by interference, i.e. the effect of one CO on the occurrence of other COs in its vicinity. Here, we analysed for the first time in wheat the intensity of the interference on a chromosome using a Gamma model. Estimates of the interference parameter m of 1.2 for male meiosis and 3.5 for female meiosis were found. In tomato, late recombination nodules observations indicated m values of 1.3 and 1.9 for chromosomes 1 and 2, respectively (LHUISSIER et al. 2007) . Similar values were obtained from genetic mapping data, in Human (m =2.3) (BROMAN and WEBER 2000) and Arabidopsis (m=3 to 9) (COPENHAVER et al. 2002) whereas m values between 5.0 and infinity were observed in mouse (BROMAN et al. 2002) . Understanding the molecular basis of interference intensity difference is a very challenging task which is under progress in model species such as yeast and Arabidopsis.
Based on the coefficient of coincidence, our results indicated strong positive interference at distances lower than 10 cM. We confirmed this interference in a different cross where the screening of over 1400 F2 CsRe using two markers separated by 12 cM and localized in the distal part of the short arm showed an absence of double COs (p value: 0.015, data not shown). In wheat and barley, PENG et al. (2000) and ESCH and WEBER (2002) The coefficient of coincidence analysis also shows that interference acts across the centromere in male meiosis, a phenomenon that has been seen already in other species (COLOMBO and JONES 1997; DROUAUD et al. 2007; LIAN et al. 2008) . Our results suggest that, in wheat, the interference range differs between proximal and distal regions by acting on longer genetic distances around the centromere (30 cM) compared to the other regions (10 cM). In human and mice (CODINA et al. 2006; PETKOV et al. 2007) , interference was shown to be correlated with the synaptonemal complex length and therefore was constant on physical distances measured in µm along the entire chromosome. However, distances estimated in µm depend on chromatin compaction implying that one µm represents a longer physical distance measured in Mb in condensed regions compared to less condensed regions. As proximal regions of chromosome 3B are rich in heterochromatin (GILL et al. 1991) , they are probably highly condensed and one µm in these regions represents a much larger physical size in Mb compared to one µm in the distal regions. Consequently, more COs can occur in the large physical (Mb) proximal regions which could explain the longer genetic interval observed for the interference range around the centromere.
Genetic mapping in wheat:
The CsRe mapping data presented in this paper showed that chromosome 3B exhibits on average 3.60 COs per bivalent at each meiosis. This is slightly higher than the 2.97 chiasmata observed by SALLEE and KIMBER (1978) and is probably due to the difficulty to accurately estimate chiasma number on this very large chromosome since the frequency of two close COs on the same arm is more frequent than on short chromosomes.
However, it confirms that the coverage of the genetic map was complete and took into account all the possible CO events. With 48.3 chiasma suggested for the entire genome (SALLEE and KIMBER 1978) , the size of a wheat genetic map should be approximately 2400 cM. Considering the slight underestimation of chiasma number, the size should rather be between 2400 and 3000 cM. Wheat genetic maps that were developed initially were smaller than expected (1,700-1,800 cM; for a review see VARSHNEY et al. 2004) . However, these maps covered only poorly the whole genome with sometimes chromosomes that were not represented (CADALEN et al. 1997) . The actual sizes of wheat genetic maps range from 2500 to 4000 cM (AKBARI et al. 2006; QUARRIE et al. 2005; SOURDILLE et al. 2003; SUENAGA et al. 2005; TORADA et al. 2006; XUE et al. 2008) indicating that some of them exceed the expected value. This may suggest genotyping errors, the use of not well adapted mapping functions or differences in CO frequencies between different wheat varieties and provides a note of caution on the quality of the genetic maps of wheat. Analysis of the coefficient of coincidence showed that interference is strong at short distances inhibiting the formation of double COs.
This was proven by the size of our genetic map which was similar to previously published maps even though a larger number of markers (102) was used in our study. Thus, these results confirm that the size increase of genetic maps that result from the addition of markers reflects genotyping errors rather than double COs.
Conclusions:
In this work, we analysed the recombination gradient and the interference, two factors that influence recombination on wheat chromosome 3B. At least one additional factor affects recombination distribution and rate: sequence similarity between the homologous chromosomes. This was demonstrated in yeast (DATTA et al. 1997) , in mammalian cells (LUKACSOVICH and WALDMAN 1999) and in Arabidopsis (OPPERMAN et al. 2004) . In wheat, genetic maps obtained from inter-specific crosses are shorter than those issued from intraspecific crosses (LUO et al. 2000) suggesting lower recombination rates in the former case.
Moreover, recombination is known to be reduced at the level of introgressed segments (JI and CHETELAT 2007) . The direct effect of sequence similarity has not been studied so far in wheat because large stretches of sequence from different varieties are not available yet. Crossover distribution is best studied in species for which whole genome sequences are available. To better study this essential phenomenon in wheat, we are currently sequencing and comparing large stretches of DNA originating from recombinant and non-recombinant regions in different wheat varieties.
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